Expectancies are a class of psychological and neurobiological processes that may be responsible for part of the improvement observed with psychiatric treatments. Patients' expectations can substantially affect the results of clinical trials, and managing them is an important part of clinical care. This review describes the history of research on expectancy effects in Major Depressive Disorder (MDD), the relationship between expectancies and placebo effects, and what is currently known about the mechanisms of action of expectancy. Meta-analyses of antidepressant trials show that placebo response rates are high (typically ~30%) and often larger than the difference in response rates between drug and placebo (typically ~10%). Some of the response to placebo is due to natural history, but a growing literature suggests that much of the improvement on placebo treatment is due to active neurobiological processes related to expectancy. Several studies have shown that higher expectation of therapeutic improvement leads to greater improvement in psychiatric symptoms, particularly in MDD. New research on the mechanisms of action of expectancy is therefore a priority that could lead to improved interventions. This review discusses the evidence to date and methodological considerations in the design of new studies.
INTRODUCTION
Major Depressive Disorder (MDD) affects approximately 120 million people worldwide (including nearly 15 million American adults each year) and is a leading cause of disability due to illness. 123 Even with maximal treatment, many patients will not experience sustained remission of their depression. The cumulative percentage of patients achieving remission after four sequential antidepressant trials in the National Institute of Mental Health (NIMH) sponsored Sequenced Treatment Alternatives to Relieve Depression (STAR*D) study was only 51%. 4 Residual depressive symptoms place patients at increased risk of suicide, cardiovascular morbidity and mortality, and depression recurrence. 567 Until novel treatments with proven efficacy for depression can be developed, methods of optimizing response to currently available antidepressant treatments are urgently needed.
The placebo effect, rather than the specific effect of antidepressant medication, appears to be responsible for most of the change observed in patients receiving antidepressants for MDD. A meta-analysis of placebo-controlled RCTs of antidepressants submitted to the Food and Drug Administration (FDA) reported that the placebo groups in these trials averaged 1.5 standard deviation units of improvement, which was 75% of the improvement shown in the antidepressant groups. 8 Similar results were reported in another meta-analysis of 75 placebo-controlled antidepressant RCTs published between 1981 and 2000, which found a mean medication response rate of 50%, compared to a mean placebo response rate of 30%. 9 Given that treatment with a placebo can have beneficial effects on depression for a number of patients, it is important to understand the mechanisms by which it works. Knowledge of the mechanisms of action of effective treatments can be informative about the pathophysiology of MDD as well as suggest means of improving clinical outcome for patients. In the case of placebo effects in antidepressant clinical trials, patient expectancy is hypothesized to be their major mechanism of action. 1011 It is therefore critical to understand how patients' beliefs and expectations are affected by treatment contexts, how expectancies influence clinical outcome, and the neural mechanisms by which they affect MDD. The importance of studying placebo and expectancy effects was explicitly recognized at a conference held at the National Institutes of Health (NIH) in 2000, titled "The Science of the Placebo: Towards an Interdisciplinary Research Agenda". 12 The published report of the conference stated that "the placebo has been considered a `nuisance factor' in clinical trials, when in fact it represents a powerful therapeutic ally in health care… studies should be conducted to determine how modifications in expectation… affect treatment outcome (p. 293)."
Expectancy definition and terminologỳ
Expectation' and `expectancy' are interchangeable words referring to an individual's beliefs about future events. In the context of psychiatric treatment, expectations can be divided into "prognostic expectations" and "participant role expectations." 13 Prognostic expectations are expectations about outcome and refer to how a patient estimates the probabilities associated with various future scenarios, including anticipated positive or negative effects of treatment. Role expectations refer to anticipated behaviors on the part of doctor and patient during treatment. Expectations can have positive or negative valences, depending on whether a patient believes a treatment will help or harm, and they can vary in strength depending on the reasons supporting the patient's expectation.
Prognostic expectations are the focus of this review given their applicability to both pharmacotherapy and psychotherapy, their extensive history of research, and their well described links with treatment outcome. 14 Outcome expectations can be divided into pretreatment, during treatment, and post-treatment phases. Patients entering treatment have an outcome expectation based on their understanding of the treatment offered, their own illness, and experiences with past treatments. Studies have indicated that the perceived prestige, credibility, and sophistication of a proffered treatment can significantly increase patients' expectations of improvement. 15 Once a treatment begins, this expectation may change in a complex process based on the patient's therapeutic alliance with the clinician, initial treatment benefits or side effects, and the severity of the patient's illness. Following a course of treatment, patients may have positive or negative expectations about their likelihood of staying well.
Although patient expectancy is the focus of this review, clinicians and outcome raters in research studies may have expectations regarding patients' likelihood of improvement. The expectations of study physicians and raters have been shown to bias their evaluations of patients in research studies. 16, 17 For example, clinical response rates in single-blind placebocontrolled studies are higher than in double-blind studies, possibly because clinicians and raters in single-blind studies know the patients' treatment assignment. 18 This bias may result from investigators' investment in their research and desire to prove or disprove the hypothesis being studied. 19 For these reasons, some methodologists have suggested new technologies such as telephone interviews by off-site raters and computer-administered rating scales be used to assess outcome in clinical trials. 20
PATIENT EXPECTANCY IN PSYCHOTHERAPY AND PHARMACOTHERAPY

RESEARCH
Psychotherapy researchers have studied expectancy as a treatment factor common to many psychotherapies, distinct from factors specifically related to the theory underlying a particular therapy. Isolating the "active" components of psychotherapy became important in the 1950s, when Eysenck (1952) and others critiqued psychotherapy for failing to bring about recovery beyond what was "obtained through ordinary life experiences and nonspecific treatment." 21, 22 Jerome Frank suggested that patient improvement in response to psychotherapy was due to the patient's conviction that therapy would help him. 23 Frank wrote that "a patient's expectancy of benefit from treatment in itself may have enduring and profound effects upon his mental state (p.36)." He suggested that to determine whether a specific psychotherapy was effective beyond its general anti-demoralizing effects, it must be compared to a placebo therapy in which patients had equal faith but lacked the therapeutic ingredients posited by the theory of therapy being studied. 24 While psychotherapy outcome researchers have attempted to differentiate specific and nonspecific treatment factors and determine the influence of patient expectancy effects, pharmacotherapy researchers have believed they were insulated from these issues by the use of double-blind, placebo-controlled trials. However, even in studies involving medication only, the informed consent procedure for a trial can serve as a means of manipulating patient outcome expectations, which can then influence patient outcome. 25 Informed consent is essentially a process of setting prognostic expectations. Patients become aware of the study design, the history and past effectiveness of the drugs and placebos used in the study, and the investigator's opinions of the treatment options.
Several studies have now documented that the procedures used during this process can have both harmful and beneficial effects. For example, inclusion of specific expected side effects in consent forms has been shown to dramatically increase the reported incidence of those side effects. 26 In addition, the knowledge that one may receive a placebo may introduce uncertainty and decrease patients' expectations for improvement. 27 In several studies involving the deceptive administration of placebo, the certainty of receiving a drug maximized observed placebo response rates, while the introduction of doubt about whether the medication is active diminished its effect. 28, 29 Conversely, being told that one will definitely receive an active drug appears to increase placebo response rates. Response to placebo increases with the number of treatment arms in a trial, which may be explained by the probability of receiving active medication as opposed to placebo increasing with the number of treatment arms in a study. 30 Additionally, antidepressant response rates are generally higher in open-label studies compared to placebo-controlled RCTs. 31 A number of studies have reported that antidepressant response is higher in comparator (i.e., medication vs. medication) antidepressant trials than in placebo-controlled trials. Patients in comparator trials know they are receiving a medication without knowing the exact agent, while patients in placebo-controlled trials do not know whether they are receiving an active medication. An initial study found an average medication response rate of 49% in placebo-controlled versus 59% in comparator trials for late life depression. 32 However, they did not conduct a formal literature search, provide inclusion and exclusion criteria for the studies they examined, or test whether the observed difference was statistically significant.
Rutherford et al (2009) conducted a systematic analysis of clinical trials of antidepressants for major depression in adults aged 18-65. 33 In the 48 placebo-controlled and 42 comparator trials examined, the odds of being classified as a responder to medication in comparator trials were 1.8 times the odds of being classified as a responder in placebo-controlled trials (95% CI = 1.45 -2.17, p < 0.001), and the odds of being classified as a remitter to medication in comparator trials were 1.5 times the odds of being classified as a remitter in placebo-controlled trials (95% CI = 1.11 -2.11, p < 0.001). The estimated probability of response to medication in placebo-controlled trials was 0.52 as compared to 0.65 in comparator trials. In a sample of patients with late life depression, Sneed et al (2008) found the odds of being classified a responder in comparator trials were nearly two times the odds of responding in the placebo-controlled trials. 34 The estimated probability of response in placebo-controlled trials was 0.46 compared to 0.63 in comparator trials. Therefore, while treatment randomization, a placebo comparison group, and blinding of both patients and investigators to the treatment assignment ensure that potential confounders and nonspecific factors are equivalent between groups in pharmacotherapy trials, these metaanalyses suggest that patient expectancy remains an important variable to consider when interpreting study results. Expectancy may influence comparisons of results between studies having different designs (e.g., placebo-controlled vs. comparator antidepressant RCTs) or even between treatment arms within a single study if the arms induce different expectancies (e.g., as in studies comparing psychotherapy to medication, where psychotherapy is administered in an open fashion whereas medication treatment is blinded). While most researchers have focused on minimizing or eliminating expectancy effects to improve the signal of efficacy for the treatment being studied, understanding the mechanisms of expectancy may represent an opportunity to safely and effectively improve clinical outcomes. Advances in clinical trials methodology and neuroimaging techniques have made it possible to begin probing the mechanisms of expectancy, as detailed in the following section.
METHODOLOGICAL CONSIDERATIONS IN THE STUDY OF EXPECTANCY
EFFECTS Experimental manipulation of expectancy
Expectancy must be experimentally manipulated in order to determine whether it has a causal relationship with depression outcome, but methods of modifying expectancy available to date have been ineffective or unethical in subjects with psychiatric disorders. 35 An early method developed to study patient expectations and treatment outcome is thè balanced placebo' design. 36, 37 This method involves a placebo-controlled trial of medication in which patients are randomized to one of 4 conditions: receiving medication/ expecting medication, receiving medication/expecting placebo, receiving placebo/expecting medication, and receiving placebo/expecting placebo. The balanced placebo design has proven itself useful for studying the effects of many psychoactive substances, from alcohol to caffeine. 38, 39 However, while this design permits direct comparisons across expectation states, many do not consider the deception involved to be ethical for patients with depression. These ethical difficulties have limited the application of this design to study depression.
Some investigators have attempted to induce different levels of patient outcome expectations by varying the clinician's behavior in a standardized way (e.g., optimistic, neutral, pessimistic). Unfortunately, different clinician styles have frequently failed to induce differential patient expectations. One older study investigated whether an enthusiastic vs. skeptical attitude on the part of the clinician influenced response to meprobamate and placebo for the treatment of anxiety. 40 Of the three experimental sites where the study was conducted, one demonstrated better outcomes for patients with enthusiastic doctors, whereas the other two sites did not demonstrate significant differences.
More recently, Kemeny and colleagues (2007) randomized patients with asthma to a 2 × 2 study design examining the effect of salmeterol vs. placebo and "enhanced" vs. "efficient" physician style. 41 "Enhanced" encounters were intended to transmit a positive expectation for improvement to the patient-physicians were trained to evince authority and conviction as well as provide a more empathic and supportive environment. Physicians providing the "efficient" care were trained to convey equivocal expectations while being less authoritative and supportive. While robust placebo responses were achieved in the study (as measured by objective physiologic change in forced expiratory volumes), patients did not differ in treatment outcomes or treatment expectations between the enhanced and efficient physician conditions. This finding indicates that the investigators were unsuccessful in inducing differential expectations using different physician styles.
A related way of studying expectancy effects is to compare open pharmacological treatments, where subjects know a treatment is being administered and expect it to have a therapeutic effect, with hidden treatments given without the subject's knowledge. Studies of pain-relieving drugs have shown hidden treatments are substantially less effective. 42 These data suggest that clinical trial designs that randomize subjects to open vs. concealed administration of medication may be an attractive strategy for manipulating subject expectancy and antidepressant outcome.
Deceiving patients with depression about the treatment they are receiving is ethically problematic, so our group has opted to study expectancy by randomizing adult outpatients with MDD to a placebo-controlled track, in which subjects are randomly assigned to escitalopram or placebo, or a comparator track, in which patients are randomly assigned to treatment with either escitalopram or citalopram. The primary comparisons of interest are patient expectancy and depression remission rates to escitalopram in each of the two conditions. Preliminary data indicate that subjects who know they are receiving active treatment (i.e., those in the comparator track) have higher expectations of improvement than subjects in the placebo-controlled track. 43
Measurement of expectancy
Regardless of the method used to manipulate patient expectations, some assessment of the impact of these methods should be performed. A comprehensive review of research studies that attempted to manipulate patient expectations found that only 6 of 24 studies reviewed reported measuring expectations to confirm they had changed post-manipulation, and in only 4 of these did the check confirm expectations did in fact change. 44 Some would argue that without determining whether the experimental manipulation indeed altered participant expectations, it is much more difficult to interpret a study's findings. For example, patients may forget what they are told, talk to another subject given different instructions, be apathetic or hopeless despite positive instructions, or else improved despite a negative expectancy.
Experimenters who fail to measure expectations after attempting to manipulate them are often guilty of circular reasoning, as pointed out by Wilkins (1973) . 45 If positive outcome expectations are instilled in a group of subjects who then demonstrate greater improvement than subjects given lower expectations, it is concluded that the subject indeed had different expectation states and that these caused the disparate outcomes. Had a difference in outcomes not been observed, then either the instructions failed to generate the planned difference in expectations or these expectations failed to affect outcome. In either case, the presence of high or low expectation states in the research subjects is identified indirectly by the treatment outcome which expectation is said to produce. Subjects were known to have high expectations since they improved, and they improved since they had high expectations.
In order for expectations to be validly studied, they must be measured independently of the outcome they are purported to influence.
Unfortunately, many expectancy scales were created for a single study and did not result in wider use. Among these is the Patient Prognostic Expectancy Inventory (PPEI), which comprises 15 items rated on a 4 point scale reflecting potential improvement in psychopathology and behavioral disturbances observed in psychiatric populations. The PPEI failed to predict the outcome of inpatient hospitalization for 150 patients with mostly psychotic disorders that were evaluated. 46 The Expectancies for Change Inventory (ECI) asks patients to rate their expectation that treatment will eliminate their problem, improve their social and work adjustment, be better than letting the problem go untreated, promote new adaptive behaviors, make the patient worse, improve self-understanding, and lead to lasting change. 47 A more widely used scale to measure patient expectations is the Credibility and Expectancy Scale (CES). 48 Development of this scale began with Borkovec and Nau's (1972) method of measuring treatment credibility for treatments of anxiety, but it is easily modified to assess expectancy in treatments for other conditions, such as depression. 49 The CES comprises two parts, the first containing 3 credibility questions (pertaining to logicalness, success in reducing symptoms, confidence in recommending therapy to a friend) and 1 expectation question (by the end of treatment, how much improvement in your symptoms do you think will occur?). In the second part, the participant is asked to imagine the treatment, identify how he feels about it, and then answer 1 credibility question (success in reducing symptoms) and the same expectation question. Psychometric study of the CES has demonstrated that it derives two factors (credibility and expectancy) that are stable across different populations. 50 It has been shown to have high internal consistency, with a Cronbach's α of 0.79-0.90 for the expectancy factor, 0.81-0.86 for the credibility factor, and a standardized α of 0.84 for the CES composite score. Test-retest reliability over a one-week period was also found to be good at 0.82 for expectancy and 0.75 for credibility. Versions of the CES have been used to measure treatment credibility and patient expectation in several psychotherapy and pharmacotherapy studies. 51 The CES was modified to develop the Reaction to Treatment Questionnaire (RTQ) by Holt, Heimberg, and colleagues (1990). 52 The RTQ includes the 4 questions developed by Borkovec et al to assess treatment credibility, 9 questions asking patients to rate how confident they are that treatment will result in improvement in various areas, and 4 questions assessing the patient's current symptom severity and their expected severity at the end of treatment, 1 year later, and 5 years later. Items are scored on a scale from 1 to 10 (not at all to very confident) producing a total score with a possible range of 13-130. This scale has been used to measure expectations in a limited number of psychotherapy outcome studies but has not been subjected to psychometric studies documenting its reliability.
More recently, Westra and colleagues have developed a promising scale to measure patient expectations called the Anxiety Change Expectancy Scale (ACES). 53 This scale differs from other measures of expectation by attempting to capture patients' specific expectations about their abilities to produce the desired change in addition to the change they expect will be brought about with treatment. The ACES was constructed by generating items from other existing scales, patients' verbalizations, and expert opinions, then winnowing these items based on expert ratings. It comprises 20 questions that are rated 1 to 5 on a Likert scale, resulting in total scores from 20 to 100. Examples of questions are "My problems with anxiety are too severe to benefit from treatment," "There is no solution to my anxiety problems," and "I believe it's quite possible for me to feel less worried and more relaxed." In samples of normals, patients, and patients receiving treatment, the ACES has been shown to have excellent internal consistency and appears to tap a single dimension. 54 Whatever scale is used, the timing of expectation assessment is a difficult problem. At the beginning of treatment, patients may be asked to rate their expectation of improvement after exposure to a small or unrepresentative portion of the treatment. Expectations vary considerably over the course of a treatment, and in the middle or near the end of treatment, expectation will likely be confounded with treatment efficacy. 55 In general, it appears simplest to attempt to assess patients' expectations independently of the treatment outcome it is intended to improve, which would mean sampling at the beginning of a treatment.
Data linking patient expectancy and clinical outcome
Several studies of psychiatric patients show a positive correlation between patient outcome expectations and therapeutic improvement, but most of the available data come from patients with diagnoses other than depression. 56 One review found significant associations between patient expectation and outcome in a Scandinavian study of inpatients with borderline personality disorder, 57 outpatients with panic and agoraphobia, 58 two community mental health samples, 59, 60 and two inpatient populations with mixed diagnoses. 61, 62 More recently, two studies of cognitive-behavioral group therapy for anxiety disorders reported that positive outcome expectations predicted greater and longer lasting symptomatic improvements, even after controlling for pre-treatment symptom severity and comorbid depression. 63, 64 Two studies of expectancy and clinical outcome are available in patients with MDD. First, the National Institute of Mental Health's Treatment of Depression Collaborative Research Program (TDCRP) found that higher patient expectation of improvement predicted greater likelihood of depression response and lower final depression scores in all four treatment conditions (cognitive behavior therapy, interpersonal therapy, imipramine, and placeboclinical management). 65 Among the 156 subjects completing a trial of psychotherapy or medication, 48% with expectation scores above the median exhibited a complete response to treatment compared to 33% with scores below the median. Subjects' expectancy was significantly correlated with their final depressive symptoms score (composite Beck Depression Inventory (BDI) 66 and Hamilton Rating Scale for Depression (HRSD) 67 (r=0.22, p<0.01). 68 Second, in a single-blind trial of reboxetine for 25 subjects with MDD, subjects with a higher pre-treatment expectation of medication effectiveness had a greater likelihood of response: 90% of patients with high expectations of improvement responded compared to 33% of patients with lower expectations (X 2 = 7.819, p<0.005). 69 A substantial literature also exists to support the link between patient expectations of improvement and outcome in medical illness and treatment. While a complete review of these studies is beyond the scope of the present paper, published studies show that expectations predict outcome in pain, 70, 71, 72 post-operative recovery, 73 asthma, 74 neurodegenerative diseases, 75 and onset of HIV-related symptoms. 76 Meta-analyses by Mondloch, Cole, and Frank (2001) 77 and Di Blasi and colleagues (2001) 78 also demonstrated links between pre-treatment expectations and outcome.
NEURAL MECHANISMS OF EXPECTANCY Neuroimaging studies of expectancy
An important conceptual question regarding placebo and expectancy effects has been whether they actually affect patients' experience (i.e., depressive symptoms) or whether they predominantly affect patients' reports of their symptoms. In other words, does expectancy diminish the severity of depressive illness or simply predispose patients to say they are feeling better when in fact they remain just as depressed? Neuroimaging studies, predominantly positron emission tomography (PET) and functional Magnetic Resonance Imaging (fMRI), have provided compelling evidence in favor of the former interpretation by demonstrating that expectancy alters neural activity in brain areas associated with subjective experience. 79 First, it has been shown in patients with Parkinson's Disease that expectation of clinical benefit from brain stimulation has a powerful effect on clinical symptoms. In one study, clinical benefit increased when patients were advised stimulation was on and clinical worsening resulted when patients were told stimulation was off. 80 A separate PET study of patients with Parkinson's Disease found release of endogenous dopamine in the striatum when patients expected improvement in motor performance after administration of a placebo. 81 Strikingly, the best predictor of neural and behavioral outcomes in this study was the patient's belief that the stimulator was on rather than the actual delivery of stimulation.
Second, in a study of the mechanisms of placebo analgesia using functional Magnetic Resonance Imaging (fMRI) techniques by Wager et al (2004) , 82 expectancy was manipulated by applying an inert cream to subjects' forearms and informing them it was either an analgesic or a control agent. Identical painful heat and shock stimuli were given on skin patches treated with both placebo analgesic and control creams. In each of two studies, placebo-induced pain reduction was demonstrated. In addition, the neural mechanisms of placebo analgesia were investigated using concurrent fMRI neuroimaging. Decreased responsiveness to painful stimulation was found in regions related to the affective experience of pain, while increased activity occurred in orbitofrontal (OFC), dorsolateral prefrontal (DLPFC), parietal, and pre-genual anterior cingulate cortices during the anticipation of pain. Wager and colleagues interpreted these results to mean that anticipatory placebo-induced activations reflected the expectation of pain relief, which was then transformed into a change in sensitivity to input and/or processing activity of pain centers.
In a follow up PET study, Wager et al (2007) found that placebo treatment had widespread effects on endogenous opioid activity in cortical and subcortical regions critical for the determination of affective value and context based control of pain. 83 Specifically, placeboinduced increases in opioid activity specific to heat in OFC, right amygdala, and rACC suggested that placebo potentiates pain-related opioid release. Opioid activity in many of these regions was correlated with reported placebo analgesia.
These results were replicated and extended by Scott et al (2007) , who studied the neural correlates of placebo analgesia based on the hypothesis that placebo-related expectancy modulates the activity of the NAC during reward anticipation. 84 Healthy controls were informed they would receive either a novel analgesic agent or placebo, then underwent an fMRI study using the Monetary Incentive Delay task, which activates NAC during the anticipation of a reward. The investigators found that the anticipation of analgesia was positively correlated with pain reduction, and increased NAC activity on the MID task predicted greater placebo analgesic response. These results demonstrate a link between placebo response and reward processing, and they implicate the NAC as an underlying mechanism for placebo-associated expectations.
Demonstration of such neural placebo effects provide evidence that expectancy and placebo effects can combine with and modulate subjective experience. These studies also begin to provide converging evidence suggesting that the brain areas involved with generating and maintaining expectancies comprise PFC subregions, OFC, and rACC, which has been born out by subsequent investigation. For example, Petrovic et al (2005) studied the effects of expectation on 15 healthy subjects' anxiety response to viewing unpleasant visual images. 85 First, subjects were shown unpleasant and neutral pictures and asked to rate the perceived unpleasantness of the unpleasant pictures under three conditions: (1) no drug, (2) following infusion of the benzodiazepine midazolam, and (3) following infusion of the benzodiazepine antagonist flumazenil. This procedure instilled the expectation of decreased and increased anxiety during the second and third blocks, respectively, so when the procedures were repeated with the subjects receiving saline infusions rather than active drugs, a strong placebo anxiolytic effect was observed. When brain activity was compared in the placebo and control conditions, increased activity was observed in brain areas associated with expectations in prior studies (rACC and OFC) and decreased activity in the networks relevant to the emotional response produced by unpleasant pictures. Keltner et al (2006) examined the brain mechanisms underlying the modulating effect of pain expectation on pain perception in 27 healthy subjects. 86 The investigators conditioned subjects to expect high temperature stimulations when presented with high pain visual cues and low temperature stimulations when presented with low pain visual cues. Subjects rated a given temperature more painful when they expected a painful stimulus, and high expectations of pain intensity were associated with increased activity in the cACC, cerebellum, and nCF. Conversely, low expectations of pain intensity resulted in decreased activity in peri-limbic regions associated with affective valuation processes (OFC, amygdala, ventral striatum). Nitschke et al (2006) examined the mechanism by which expectations attenuate insula and amygdala activation to a highly aversive bitter taste in 43 healthy adults. 87 Subjects were trained to expect highly aversive tastes following highly aversive cues, mildly aversive taste following mildly aversive cues, and neutral tastes following neutral cues. Presented with the combination of a mildly aversive cue and a highly aversive taste, subjects demonstrated increased activations in the rACC, OFC, and DLPFC to the misleading cues that predicted less aversive ratings of the taste and decreased activations in amygdala and insula activation to the highly aversive taste.
Given that these studies have been conducted largely in normal controls, it is unknown whether the results can be generalized to patients with depression. However, intriguing recent reports suggest that this may be the case. Bermpohl et al (2009) conducted a study in which depressed subjects and normal controls were shown affectively charged photographs preceded by an expectancy cue that informed subjects whether the picture to follow was emotionally salient or neutral. 88 The investigators found that normal controls displayed the expected neural activation changes in medial and DLPFC during cued emotional picture perception, these modulatory effects were significantly attenuated in depressed patients. Pizzagalli and colleagues (2009) recently reported data from a study comparing neural activation on the MID in depressed patients vs. controls. 89 They found that patients with depression had decreased striatal responses to anticipated monetary gains and decreased activation in the NAcc bilaterally to monetary rewards. These results are consistent with those of Scott et al (2007) described above.
Regulation of emotional experience by expectancy
Neuroimaging investigations of individuals' emotional self-regulation have provided additional information about the cognitive processes involved with expectancy as well as their neural substrates. The cognitive processes underlying treatment expectations likely involve appraisals of the significance or meaning of treatment to the patient. Appraisals facilitate an individual's emotional response by supplying meaning to perceptions and organizing cognitions and behavior appropriate to the situation. 90 Personality traits such as optimism and pessimism as well as the presence of anxiety and mood disorders affect the probability, endurance, and consistency of appraisals about the world. 91, 92, 93, 94, 95 The neural correlates of emotional appraisal systems have been studied by investigating how cognitive change affects emotional response. For example, Ochsner et al (2002) showed participants photographs that induced a negative emotional response and neutral photographs. 96 Participants were trained to reinterpret (i.e., reappraise) the negative pictures so that they no longer elicited a negative emotion or else attend to the photographs without attempting to modify their emotional reaction. The investigators found that reappraisal reduced participant ratings of negative emotion, and it was associated with increased activation in DLPFC and ACC and decreased activation in brain areas associated with negative emotion (i.e., amygdala, insula, and OFC). Furthermore, increases in neural activation occurring during reappraisal were correlated with decreased behavioral ratings of negative emotion.
Such studies have now established the prefrontal cortex (PFC) as critical to the cognitive regulation of emotion, particularly the dorsolateral, ventrolateral, and ventromedial prefrontal cortices (DLPFC, VLPFC, and VMPFC). 97 Together with other neuroimaging studies of expectancy, they provide the basis of a model for how expectancy might lead to changes in depressive symptoms (see Figure 1 ). PFC regions reciprocally connect with subcortical areas important for appraising the aversive or rewarding properties of stimuli, such as the amygdala, nucleus accumbens (NAcc), and insula. 98, 99 The amygdala has been implicated in detecting, attending to, and recording in memory affectively arousing and threatening stimuli, 100, 101 while the NAcc and ventral striatum (VS) have been shown to be important in reward learning and approach motivation in general. 102, 103 There is now evidence to suggest a PFC-amygdala pathway underlies a negative appraisal process leading to the generation of negative emotional responses to stimuli and a PFC-NAcc/VS pathway underlies a positive appraisal process involved with positive affective experience. 104
Mechanisms of expectancy in Major Depression
For the most part, studies of the brain mechanisms of expectancy in psychiatry have been limited to demonstrations of objective differences in brain activity between responders and nonresponders to placebo antidepressants. showed that placebo responses in a PET study of hospitalized patients with depression were associated with regional metabolic increases in cortical areas (prefrontal, anterior and posterior cingulated, posterior insula) and decreases in limbic and paralimbic areas (thalamus, parahippocampus, subgenual cingulate). 105 found that placebo responders in an antidepressant clinical trial had unique prefrontal changes on quantitative EEG compared to nonresponders and medication responders. 106, 107 These studies share the common problem that expectations of improvement were not measured, so it cannot be definitively determined that higher expectations in fact caused placebo response. However, these studies stand out as important initial data to be confirmed by later studies.
Our group is currently conducting one of the first studies of the neural mechanisms of expectancy in patients with depression. Subjects in a clinical trial who know they are receiving active medication as opposed to possibly receiving placebo undergo fMRI neuroimaging before and after antidepressant treatment. We hypothesize that higher expectancy of therapeutic improvement in subjects who know they are receiving active medication will be associated with greater pre-and post-treatment activation increases in higher level cortical appraisal systems, activation decreases in the amygdala, and activation increases in the NAcc.
We selected these brain regions of interest based on the above model of expectancy effects in the treatment of MDD. Pathological decreases in PFC function, increases in limbic activity, and disordered connectivity between these regions all have been observed in depression. 108, 109, 110 Available evidence suggests that antidepressant medications may function by normalizing these pathological changes and increasing functional connectivity between PFC and subcortical regions. 111 For example, decreased amygdala activation is observed with effective antidepressant treatment 112 and predicts the extent of attenuation of negative affect following reappraisal. 113 We predict that higher expectancy will be associated with greater therapeutic improvements in these brain areas, leading to improvement in depressive symptoms by reversing depressed patients' excessive sensitivity to negative environmental cues and reduced responsivity to positive cues. 114, 115 
CONCLUSIONS AND IMPLICATIONS FOR FUTURE RESEARCH
In summary, patients in all clinical contexts have expectations about whether and how much they will improve based on the information made available to them at the beginning of treatment. These cognitions have a neurobiological basis and demonstrably modify patients' subjective experience and neural activation in response to a given stimulus or treatment.
Expectancy appears to be a primary mechanism of the placebo effect and causes the majority of change observed in treatments for depression and other psychiatric disorders. Given these powerful effects, it is surprising that expectancy has not been a greater focus of study in the treatment of MDD. Ongoing and future studies of expectancy offer the potential to improve patient care, clarify the interpretation of clinical trials for depression, and elucidate the mechanisms of action of effective treatments for depression.
Modifying expectancy to affect clinical outcome
Available pharmacologic interventions for MDD are limited in efficacy, and while research on antidepressant compounds with novel mechanisms of action is ongoing, no new medications currently appear imminent. In this setting psychosocial interventions could be a valuable means of optimizing patient response to currently available medications and minimizing treatment attrition. Toward this end, developing a standardized means of increasing patient expectations so as to optimize clinical response to antidepressants would offer a valuable addition to clinical care. While the standard clinical management protocol for patients receiving antidepressant medication developed by Fawcett et al (1987) refers numerous times to enhancing patient expectations of improvement, little specific information about how to do that is offered. 116 Research on patient expectations may lead to specific techniques to improve expectations on outcome, essentially resulting in an update of the pharmacotherapy clinical management manual.
Conversely, there are contexts in which it would be useful to minimize patient expectations. Placebo-controlled antidepressant medication studies "fail" approximately 50% of the time, meaning they do not demonstrate a statistically significant difference between drug and placebo. A portion of these failures may be caused by high placebo response rates, which make it more difficult to distinguish a signal of efficacy for new drugs. Research on expectancy effects in the treatment of depression has the potential to provide insights about the factors affecting their magnitude, which could then be manipulated in pharmacotherapy trials. As has been previously remarked, while high placebo response rates may be a challenge to researchers, they are potentially a boon to clinicians and their patients. 117
Interpreting the results of clinical trials for MDD
Clinicians aim to practice Evidence Based Medicine (EBM) by selecting treatments based on research studies testing the proposed medication for depression. 118 However, there are many studies to choose between when gathering evidence about the anticipated effectiveness of antidepressants, and differences in expectancies between studies or treatment arms being evaluated can bias comparisons. For example, in the Treatment for Adolescents with Depression Study (TADS), adolescents with Major Depression were randomized to CBT alone, fluoxetine alone, combined CBT and fluoxetine, and pill placebo. 119 The benefit of this design is that the study can be "internally calibrated," meaning differences between the psychotherapy and medication conditions can be more easily interpreted when it is known whether or not the medication treatment condition was effective compared to placebo. However, the study compares blinded treatments (fluoxetine or pill placebo) to unblinded treatments (CBT and combined CBT and fluoxetine). In other words, patients in the CBT alone condition knew they were receiving psychotherapy (active treatment), while patients taking pills did not know whether they were fluoxetine (active) or placebo (inactive). Similarly, patients in the combined cell knew they were receiving two active treatments rather than one (CBT alone) or possibly none (fluoxetine and pill placebo).
Since antidepressant response and remission rates are lower when patients do not know they are receiving active treatment (i.e., placebo-controlled trials) versus when they know they are receiving medication without knowing the exact agent (i.e., comparator trials), clinical trials comparing open to blinded treatments are significantly biased against the blinded treatment (i.e., placebo-controlled medication). This illustrates the fact that every trial is designed to answer some questions but not others, since no single trial can validly answer all of the questions clinicians might have. The point made here is that non-specific treatment factors such as patient expectancy must be taken into account when evaluating research studies, just as one might check other design features, such as randomization, blinding, and the validity of statistical analyses.
Understanding mechanisms of treatments for depression
Finally, gaining insight into the cognitive and neural mechanisms of expectancy will be helpful in determining mechanisms of psychopharmacologic and psychotherapeutic action in patients with MDD. Neuroimaging studies have begun to elucidate the brain regions contributing to general symptomatic improvement in depression and those contributing to specific treatment mechanisms. 120, 121, 122, 123 Goldapple et al (2004) found that depressed patients treated with cognitive behavior therapy showed some common and some different changes in brain metabolic activity compared to patients treated with paroxetine. 124 Similarly, determining the neural correlates of expectancy would provide information about the brain changes associated with successful depression improvement. It may also help distinguish placebo responders from patients who improve due to medication or psychotherapy, since current evidence suggests there are differences in brain activity between responders and nonresponders to placebo in antidepressant clinical trials. 125, 126, 127 Continuing neuroimaging investigation is aimed at evaluating the mechanisms of depression pathogenesis, following the success of therapeutic interventions for depression, and predicting outcome before treatment. 128 One problem with these studies is that they ascribe the brain changes observed during treatment with medications or psychotherapy to those specific treatments, but this is not the case. It is critical to differentiate the brain changes associated with treatment specific factors and those due to expectancy, which will not be possible until the neural mechanisms of expectancy are defined. Model of expectancy effects in the treatment of depression.
